Abstract: A consensus-based feedback linearization method is proposed to maintain a specified time-varying geometric configuration for formation flight of multiple autonomous vehicles. In this approach, any explicit leader does not exist in the formation team, and therefore the proposed control strategy requires only the local neighbor-to-neighbor information between vehicles. The information flow topologies between the vehicles can be defined by Graph Laplacian matrix, and the formation flight can be achieved by the proposed feedback linearization with consensus algorithm. The stability analysis of the proposed controller is also performed. Numerical simulation is performed for the rotary type unmanned aerial vehicles to validate the performance of the proposed controller.
INTRODUCTION
Recently, many researches on the formation flight control for multiple Unmanned Aerial Vehicles(UAVs) have been performed because various missions can be successfully completed by the formation flight. Most of the formation flight researches are performed on the leader-follower approach, where some vehicles are designated as leaders while others are designated as followers.
In this approach, the leader tracks the predefined trajectory, and the follower tracks the nearest leaders according to given schemes. It is easy to analyze and implement the leader-follower controller. However, there are some limitation, for example the leader is a single point of failure for the formation, and therefore this approach is not robust with respect to the UAV failure.
Consensus type problems have been studied for the cooperative control of mobile autonomous agents, where each agent in a team updates its information state based on the information states of its local neighbors. Critical problem for cooperative control is to design appropriate protocols and algorithms. The group of vehicles can converge to a consistent view of the shared information in the presence of limited and unreliable information exchange and dynamically changing interaction topologies. In this paper, a leaderless formation control strategy based on the consensus algorithms is proposed. The stability of proposed control strategy is analyzed, and numerical simulation is performed to verify the performance of the proposed formation flight controller.
FORMATION FLIGHT OF MULTIPLE UAVS

Feedback linearization
Let us consider a following nonlinear UAV model for formation flight. 
, and 
The above system, Eq. (2) and (3), has constant relative degree 2, and therefore the given system can be output feedback linearized.
For feedback linearization, let us define the map P : 5 5
The above map is a diffeomorphism, and its inverse can be written as 
Using the transformed coordinates, Eqs. (2)- (3) can be written as cos  sin  2  cos  sin  sin  cos  3  sin  2  4 sin cos cos sin cos
Now, the output feedback linearizing control input can be given by 1 cos sin 2 cos sin sin cos sin 2 cos sin cos cos sin
where i μ is the additional control input which can be designed for formation flight. Note that the inverse in Eq.(8) always exists because the matrix is nonsingular. The above control input will be used in the consensus protocol which will be explained in detail in the subsequent section.
Using Eq.(9) in Eq.(8), we have . Then the team can preserve a specified geometric configuration during the flight.
CONTROL USING CONSENSUS STRATEGY AND CONVERGENCE ANALYSIS
Let us consider the vehicle dynamics of each UAV as 
Fig. 1 Consensus reached on a formation center
In this study, let us choose the control input of the i-th vehicle in Eqs. (11) and (12) as , which means the formation flight can be achieved. Equation (22) can be written as 
STABILITY ANALYSIS OF CONSENSUS PROTOCOL
Graph Laplacian matrix L can be determined by the method explained in the previous section, considering the given information flow. Given L , the information of its own we have, and at least, one of another vehicle are available. Therefore, it is possible to set the value of , , α β γ using matrix L . The eigenvalues of Γ can be computed as ( )
Note that Table 1 .
(a) (b) Fig. 3 Information exchange topology and geometry coordination .
Since four equations with three variables ( , , ) α β γ are considered in this study, a least square solution is obtained.
There exists the communication disconnect of UAV 4 at t=85sec, and the size of the desired triangular geometric configuration between six UAVs will be expanded 33 %, during t= [90; 100) seconds as shown by the definitions of E(t). Also, four rotation are 
CONCLUSION
A consensus-based leaderless formation control strategy is proposed for multiple autonomous vehicles. In the proposed strategy, explicit leaders are not required in the team, and only local neighbor-to-neighbor information exchange is needed. Proposed strategy is applied to maintain a time-varying formation with a topology-switching for multiple UAVs. Stability analysis and numerical simulations are performed. The proposed strategy can also be applied to the satellite formation flight. 
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